The susceptibilities (dosage-response regression curves) of northern fowl mites collected from six poultry farms in North Carolina were determined for five acaricides by exposure of the mites for 24 hr to acaricide residues inside glass pipettes. The residue concentrations were expressed as parts per million on a weight-volume basis of the acaricide-acetone solution in which the pipettes were immersed prior to testing. All of the acaricides, except malathion, were highly tOxic to the northern fowl mites. The mean LDso values (ppm) were: permethrin, .53; tetrachlorvinphos, 4.06; carbaryl, 4.11; and coumaphos, 5.04. For malathion, the mean LDso for mites from three caged layer flocks was 119.35 ppm while concentrations as high as 500 ppm gave only low mortalities (20% or less) of mites from the other flocks and LDso va.lues could not be calculated. These data show that northern fowl mites are highly resistant to ma.lathion in North Carolina, as has been reported elsewhere, but there is no evidence of resistance to the other acaricides tested.
INTRODUCTION
The northern fowl mite, Ornithonyssus sylviarum (Canestrini and Fanzago) , is the most important ectoparasite affecting domestic poultry in the United States. Rapid population increases are common when this pest becomes established in commercial flocks, and chemical control is usually necessary. Malathion, tetrachlorvinphos, coumaphos, and carbaryl are registered in the US for use against northern fowl mites. In a national survey (DeVaney, 1978) , workers within the poultry industry expressed dissatisfaction with the registered acaricides, and some felt that fowl mites were developing resistance to the chemicals. Although many of the reports of resistance can be traced to improper application of the acaricides, field (Foulk and Matthysse, 1963; Rodriguez and Riehl, 1963; Hall et al., 1980) and laboratory tests (Hall et al., 1978) 1983 Poultry Science 62: [428] [429] [430] [431] [432] that northern fowl mites are resistant to malathion in some locations.
Using laboratory techniques developed by Foulk and Matthysse (1964) , researchers have compared the toxicity of various insecticides to northern fowl mites. Matthysse et al. (1975) conducted tests to determine the toxicity of many of the registered insecticides toward northern fowl mites. Mites tested were from laboratory colonies established from a single strain collected in New York State. Hall et al. (1978) tested mites collected from infested laboratory roosters in Virginia.
One objective of our study was to determine the susceptibility of northern fowl mite populations in North Carolina to the acaricides which are currently being used in control programs. These tests were conducted against mites that had been collected from different commercial poultry flocks and involved considerably larger numbers of mites than were used in the previously cited tests. Synthetic pyrethroids such as permethrin have proven to be very effective in controlling northern fowl mites (Williams and Berry, 1980; Collison et al., 1981; Arthur and Axtell, 1982) , and since there is need to establish baseline data for permethrin, this chemical was included in our tests. We also examined the effect of temperature on the
toxicity of permethrin toward the northern fowl mite.
MATERIALSANDMETHODS
Laboratory colonies of northern fowl mites were established by collecting feathers from heavily infested birds on each of six farms in North Carolina during the period January to November 1981. These infested feathers were placed in a cardboard ice-cream container (26 cm height X 24 cm diameter). Dried grass served as a substrate, and a ring of Tanglefoot@2 was applied to the inside rim of the container to prevent the mites from escaping. To provide ventilation, most of the cardboard lid was removed and replaced with fine mesh cloth.
A 7 to 14-day-old chick was used to provide a blood meal. This chick was placed in the container and sacrificed after 3 days. As the body cooled, the mites left the skin surface. After 12 to 14 hr, the plumage was covered with mites and the dead chick was placed on a piece of white poster paper from which the mites for . testing were collected by means of an aspirator.
The body was then returned to the container, along with a new live chick. Mites in the container migrated to the live chick, and the next day the dead bird was removed from the container and discarded. This entire process was repeated whenever fowl' mites were collected for testing.
The following technical grade chemicals (and their sources) were tested: 99% coumaphos, 99% tetrachlorvinphos, 98% carbaryl, 98% malathion (all Chern Service, West Chester, PA), and 93% permethrin (Burroughs Wellcome Co., Research Triangle Park, NC). Stock solutions of acaricide were prepared by dissolving a weighed amount of technical material into volumetric flasks containing analytical grade acetone. Serial dilutions were made by pipening these stock concentrations.
Measurements of acaricide toxicity were obtained by following the techniques described by Foulk and Matthysse (1964) . This procedure involves immersing disposable Pasteur pipettes in acaricide concentrations to establish a residue on the inside wall and confining northern fowl mites inside for a specified length of time.
2Tanglefoot Co., 314 Straight Ave., SW, Grand Rapids, M149S02.
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The pipettes (.5 cm diameter x 11 cm length with a fine mesh cloth attached by a neoprene band to the top opening) were immersed inverted into the acaricide solution for 1 min, removed, and allowed to dry standing vertically on bloning paper. Control pipettes were immersed in acetone containing no acaricide. A vaccum pump was used to aspirate 20 adult mites into each pipette through the small lower end, which was then plugged with a piece of clay. A replicate consisted of 4 pipettes and a control pipette for each acaricide concentration. There were 3 replicates (on different days) per chemical (i.e., a total of 240 mites in 12 pipettes were exposed to each acaricide concentration). Treated pipettes were placed in closed desiccators containing a saturated salt solution (sodium phosphate dibasic, Na2 HP04) giving 80% relative humidity and held under constant light at ca. 25 C. After 24 hr, the pipettes were examined under a stereo microscope, and mortality was recorded. Mites that were unable to move and those that could only twitch were considered dead.
The entire series of chemicals was tested on the mites collected and colonized from one farm at a time which required ca. 2 months. During the few periods when fowl mites from different farms were simultaneously colonized and tested, the colonies were isolated from each other to prevent any intermixing. The six strains of tested northern fowl mites were In addition, the responses of northern fowl mites exposed to permethrin and held at 20, 25, 30, and 35 C were determined using the procedure described above. Each test included 4 pipettes (80 mites each) per temperature with two tests at 35 C and three tests at the lower temperatures.
The combined data on each chemical for each farm were analyzed using the probit procedure for the Statistical Analysis System (Barr et al., 1979) . Confidence intervals for the estimates of the LDso's obtained in the permethrin-temperatUre tests were calculated using the method of Litchfield and Wilcoxon (1949) . Data were heterogeneous, and valid fiducial limits could not be calculated. 3 Probit analysis based on the combined data from Farms I, 2, and 3 only, because sufficient data could not be obtained for the other farms.
4 ND, no data.
The range of LDso values for carbaryl, coumaphos, and permethrin was 2.10 to 6.04 ppm, 4.06 to 5.52 ppm, and .52 to .76 ppm, respectively (Table 1) . Variation among farms for the three compounds was not statistically significant. Tetrachlorvinphos (2.42 to 8.11 ppm) showed a significant difference between Farms 6 and 3 in that the fiducial limits for the LDso values did not overlap. Only the results of malathion tests conducted against mite colonies from the three caged layer farms (1, 2, and 3) could be analyzed. The LDso's ranged from 115.75 to 118.58 ppm with wide 95% fiducial limits. In tests involving mite colonies established from the remaining farms (broilerbreeder flocks), concentrations of malathion as high as 500 ppm gave only low mortalities «20%), and repeated testing did not produce consistent results.
Based on the combined data from all of the farms, all of the chemicals, with the exception of malathion, were highly toxic to northern fowl mites (Table 1 and Figure 1 ). The LDso of malathion, 119 ppm, against mites from only the three caged layer flocks was similar to the LDso of 146 ppm reported by Hall et aI. (1978) . The LDso of malathion against mites from the three broiler-breeder farms was so high (in excess of 500 ppm) that it could not be determined by our technique. After initial tests showed the relative ineffectiveness of malathion, an additional source of technical malathion (99% purity) was obtained and used in subsequent experiments with similar results. Although laboratory testing by Matthysse et at. (1975) using mites collected in New York State showed a toxicity of malathion of 4.6 ppm, our tests, using the same testing procedures with North Carolina mites, show a high level of resistance by northern fowl mites to malathion. Unfortunately, baseline data on the susceptibility of the mites to malathion in North Carolina in earlier years are not available. Thus, no estimate of the actual level of resistance can be made. However, the high LDso's in our tests indicate that malathion is likely to be ineffective for control of northern fowl mites on farms. Matthysse et al. (1975) did not test permethrin but tested the related compounds resmethrin 17370, tetramethrin, pyrethrin, and resemethrin 1382 against northern fowl mites and found them to have LDso's of 5.7, 35.0, 46.0, and 48.0 (1978) reported an LDso of 21.9 ppm for permethrin. We found permethrin to be highly toxic to northern fowl mites with an LDso of .53 ppm. Permethrin had never been used in pest control programs on the farms from which the parent populations of mites were collected. The remaining three chemicals showed similar toxicity and were comparable to results obtained by Matthysse et at. (1975) . Hall et al. (1978) found LDso's of carbaryl, tetrachlorvinphos, and coumaphos to be 6.6, 18.0, and 28 ppm, respectively, but those tests were conducted against mites that had been collected from laboratory roosters. Because our tests involved colonized mites, selection pressure could have been a factor in our experiments. However, in all cases the testing process was completed before the mite colonies were more than 2 months old, which minimized the effects of selection pressure. Northern fowl mites are capable of completing a single generation in 1 week (Sikes and Chamberlain, 1954; Combs and Lancaster, 1965) , and it is unlikely that more than 9 generations could have elapsed during the testing process.
Pyrethroids are more toxic at lower temperatures, and DeVries and Georghiou (1979) found bioresmethrin to be more tPxic to houseflies at 15 C as compared to 25 C. In our test, permethrin was significantly more toxic at 20 C, as measured by the LDso's and their confidence intervals (Table 2 ). Toxicity was not significantly different at the other three temperatures. However, permethrin was highly toxic to northern fowl mites at all temperatures tested, and the significant differences may, therefore, be relatively unimportant.
The results of our laboratory tests give valuable baseline data and provide a means for monitoring for resistance development in the future. The occurence of northern fowl mite resistance to malathion was demonstrated, while there appeared to be no resistance to carbaryl, coumaphos, or tetrachlorvinphos. Permethrin was toxic to northern fowl mites at much lower concentrations than the other acaricides tested.
